The first wall of a thermonuclear fusion reactor is exposed to high heat flux, high energy particles and strong electromagnetic force when a plasma disruption takes place. In the next generation machines such as International Thermonuclear Experimental Reactor (ITER) (1) , the heat flux during the plasma disruption is estimated to reach as high as about 1 GW/m2. Some experimental(2)~(5) and analytical(6)(7) studies have been performed to understand the behavior of the first wall during the disruption. However, the data so far obtained are insufficient to develop or verify analytical methods and models. In the present note, experimental observations are described on metallic materials exposed to an intense hydrogen beam.
1. Experiment Figure 1 shows an experimental apparatus. A metal test piece is heated by the hydrogen ion beam. The maximum acceleration voltage and current of the ion source are 100 kV and 50 A, respectively. The materials used are stainless steels (Type 316, Type 304, PCA, 316F) and pure metals (Al, Cu, Mo, W). The PCA is the modified Type 316 which has a high void swelling resistance. The 316F, in which the amounts of Mn, P, Si and C are decreased as compared with those in Type 316, is a reference material of Type 316 for research and development of the fusion reactor in Japan Atomic Energy Research Institute (JAERI). Four kinds of flat discs are used as test pieces; Type A1: 120D/ 20t, Type A2: 120D/15t, Type A3: 80D/20t and Type B: 15D/20t, here, D and t represent a diameter and a thickness in mm, respectively.
Process of melting and evaporation was observed with a high-speed video camera which can take pictures at a speed of 12,000 frames per second. Resolidified surface and cross section of the test piece were observed with the aid of a scanning electron microscope and an optical microscope. Evaporation loss and melt layer thickness were measured by an electric balance and a reading microscope, respectively. A composition analysis was made with an electron probe micro analyzer (EPMA).
About 100 test pieces were heated by the H+ beam under the following conditions; peak heat flux 68~210 MW/m2 and heating time 40~250 ms. Several test pieces were repeatedly irradiated under the same heating condition.
Heat flux profiles on the surface of the test piece were measured by using a two-dimensional calorimeter before and after the testing.
It takes about 40 ms for the heat flux to reach steady state in all cases.
The spatial profile of heat flux is close to Gaussian * Tokai Research Establishment , JAERI, Tokaimura, Ibaraki-ken 319-11. ** Naka Research Establishment , JAERI, Nakamachi, Ibaraki-ken 311-01 Fig. 2 . In the radial heat flux distribution, the e-holding half-width, at which the heat flux is decreased down to 1/e of the peak heat flux, is held to be about 70 mm by arranging the beam optics.
Results and Discussion
(1) Evaporation Evaporation loss from the test pieces of stainless steels is shown in Fig. 3 evaporation, vapor expansion, vapor shield against impinging heat on the surface, decrease of evaporation, vapor contraction, increase of impinging heat and evaporation. The present result at higher value of (qpeak• Dt) is lower than that predicted by the thermal conductivity calculation in consideration of evaporation (4) .
This also suggests that heat applied at the surface is reduced by interaction between the vapor and the beam.
The difference in the evaporation loss are hardly found among stainless steels. The test pieces of the 316F and the PCA were repeatedly heated seven times under the same condition.
The evaporation loss for each shot of the H+ beam scarcely changes in both test pieces. 2(e) ). The rough surface of the small disc (Type B) is, however, slightly different with those of the large discs (Type A1, A2 or A3) heated under the same condition.
This difference might be caused by the effect that the surface of the small disc is stretched by the surface tension from the circumferential edge.
Formation of the rough surface is suspected to be due to voids generated in the resolidified layer. However, no voids within the small mountains and the ridges are detected in the test pieces with the rough surface.
In addition to these results, the followings were obtained: 77 -conduction to the lower part of the test piece rather than by thermal radiation from the surface.
In the test pieces of stainless steel, the total crack length on the rough surface is longer than that on the smooth surface. The total crack length on the rough surface increases with the repetition number of the heating.
The cracks within the resolidified layer are hardly observed in Type 304 and the total crack length increases in the order, Type 304, 316F, Type 316, PCA. Photograph 3 shows the crack in the resolidified layer of the PCA. The typical structure of columnar dendrite is found in the cross section of the resolidified layer of stainless steel.
Bent configuration of the test piece after heating was measured to provide data for stress analysis. The boundary surface between the resolidified layer and the base metal is fairly smooth in the 316F test piece, while it is wavy in Type 316 test piece. 
